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K0.5 Na0.5 NbO3 -Based Self-Powered Pressure Sensor
Zhe Wang, Qingtang Xue, Yi Yang, Yi Shu, He Tian, Min Tang,
Yu Huan, Xiaohui Wang, Janwen Luo, and Tian-Ling Ren
Abstract: We report a novel self-powered nanocomposite sensor composed of K0:5 Na0:5 NbO3 (KNN) nanoparticles
(NPs) and multiwalled carbon nanotubes (MW-CNTs). The KNN NPs and MW-CNTs are dispersed in
polydimethylsioxane by mechanical agitation to produce a piezoelectric nanocomposite device. The device exhibits
an output voltage of approximately 30 V and output current of approximately 15 A. Furthermore, the device
exhibits potential as a self-powered pressure sensor because the output voltage can be tested to detect the pressure
applied to the device and does not require other sources.
Key words: KNN nanoparticle; piezoelectric nanocomposite; energy harvesting; self-powered sensors

1

Introduction

Recently, lead-free K0:5 Na0:5 NbO3 (KNN)-based
materials have attracted much attention for energyharvesting applications because of their high Curie
temperature and human tissue compatibility[1] . At the
same time, piezoelectric nanostructures have attracted
extensive attention because they provide a practical
approach to scavenging energy from the environment
to power nanodevices and nanosystems and can also be
used as novel self-powered sensing devices[2–4] .
Furthermore, to date, substantial progress has
been made in the piezoelectric field by Wang’s
group[5, 6] among others[7–9] . To achieve higher output
voltage and current, some researchers have focused
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on traditional triboelectric approaches[10, 11] , whereas
others have focused on a combination of piezoelectric
and triboelectric approaches[12] . A nanogenerator can
also be used as a sensitive strain sensor or pressure
sensor[13, 14] , with the use of silver nanowires and
PMT-PT nanowires. However, the use of KNN-based
nanocomposites as pressure sensors has not been
researched. It is necessary to explore novel devices
that can not only generate high output voltage and
current but also serve as self-powered sensitive pressure
sensors.
A piezoelectric material determines the performance
of the KNN nanocomposite because the output signals
are generated by the material. An XRD pattern of the
nanoparticles is presented in Fig. 1.
The sample exhibits a pure perovskite phase
structure, indicating that the diffusion of the doped
elements (Li, Sb, and Ta) into the lattices of KNN was
completed. The XRD image displays the coexistence
of tetragonal and orthorhombic phases. To be more
precise, in the KNN nanoparticles the tetragonal phase
was almost as abundant as the orthorhombic phase. The
KNN’s good performance ensures the nanocomposite a
potential device.
A schematic of the KNN nanocomposite is presented
in Fig. 2a. The KNN particles and multiwallcarbon nanotubes (MW-CNTs) are embedded in a
polydimethylsioxane (PDMS) matrix. The Indium Tin
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Oxide (ITO) is used as electrodes. When a force is
applied on the surface of the device, an open circuit
voltage is generated. Figure 2b shows the good
flexibility of the KNN nanocomposite. Figure 2c shows
the CNT embedded in the PDMS matrix and well
dispersed. So the generated voltage can be exported
and shown in the screen of the oscillometer. Figure 2d
shows the SEM image of the KNN nanoparticles before
mixing in the PDMS matrix.
The KNN nanocomposite was prepared using the
main process as follows. First, the KNN nanoparticles
and CNTs were mixed together to form the KNNCNT nanocomposite. Second, the nanocomposite was
covered with ITO and polyethylene terephthalate
(PET). Then, the KNN nanoparticle device was poled
at 110ı C in silicone oil by applying a dc electric field of
2 kV/mm for 3 h. The process is shown in Fig. 3.
The voltage and current generation of the KNN
nanoparticle (NP)-based nanogenerator was assessed

Fig. 1
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Fig. 3 (a) The KNN nanoparticles, PDMS, and CNT; (b)
The CNT, KNN, and PDMS are mixed together; (c) Then the
top and bottom electrodes cover the matrix.

X-ray patterns of KNN nanoparticles.

Fig. 4 (a) Output voltage of the KNN nanocomposite; (b)
Output current of the KNN nanocomposite.

Fig. 2 (a) Schematic of the KNN nanocomposite device; (b)
Flexibility of the device; (c) SEM image of CNT embedded in
PDMS matrix; (d) KNN nanoparticles.

by tapping the device vertically. Under mechanical
tapping, the device repeatedly generated voltages
ranging from aproximately 20 V to 30 V in an open
circuit as shown in Fig. 4a. At the same time, the
device also generates a negative current between 5 A
and 15 A and a positive current between 2 A and
5 A, as shown in Fig. 4b. The positive current was
slightly higher because the output voltage and current
were generated from the nanogenerator in the forward
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connection over a single cycle. When the connection
was reversed, a negative voltage was generated first,
and then, a smaller positive voltage peak appeared.
The same situation also occurred for the current of the
device. This phenomenon also demonstrates that the
output voltage and current signals were truly generated
by the piezoelectric material KNN nanocomposite. The
difference between the positive and negative current
peaks was much smaller than the difference between
the positive and negative voltage peaks because the
piezoelectric KNN nanocomposite is very flexible,
unlike piezoelectric ceramics.

2

Control Experiments

The main materials used to produce KNN are potassium
carbonate (K2 CO3 ), sodium carbonate (Na2 CO3 ), and
niobium oxide (Nb2 O5 ). These materials and CNTs are
mixed with PDMS in the same ratio as KNN separately
and do exhibit any piezoelectricity. In fact, most of the
signals originate from the power frequency signal. The
voltages are all less than 6 V, which is shown in Fig. 5.
However, the voltage generated by the device made of
KNN and CNT mixed in the PDMS is much larger.
Therefore, we can confirm the charges are produced by
the KNN nanopowder.

3

Self-Powered Pressure Sensor

The KNN nanocomposite can also act as a sensitive
pressure sensor, especially in environments where
it is not convenient to place a battery or other
electric source. The KNN nanocomposite as a pressure
sensor can be self-powered and does not require
any resources, which is very important for some
applications. The output voltage ranges from 0.3–
3.5 V. The relationship between the output voltage
and pressure is shown in Fig. 6, demonstrating that
the output voltage increases as the pressure increases;
however, the trend is not linear. The lowest pressure
that the KNN nanocomposite device can detect is
approximately 100 Pa, indicating that this device
has potential as a highly sensitive and self-powered
dynamical mechanical sensor.
Furthermore, the KNN-based device also shows the
potential application as a flexible motion detection
sensor. In Fig. 7 the KNN nanocomposite device was
fixed on one finger. When the finger bent and released
at the frequency of about 2 Hz, the output voltage of
the flexible device was about 0.6 V. It is very simple

Fig. 5 (a) Output voltages of the control device based on
Na2 CO3 particles and MW-CNTs mixed with PDMS matrix;
(b) Output voltage of the device made of K2 CO3 particles
and MW-CNTs mixed with PDMS matrix; (c) Output voltage
of the device composed of Nb2 O5 particles, MW-CNTs, and
PDMS; (d) Output voltage of the device based on PDMS,
KNN NPD, and MW-CNTs. Based on the series of control
tests, we can conclude that the output voltage and current
signals arise from the piezoelectricity of the KNN NPD
material.
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iteration, E3 can be calculated as follows :
E3 D ."33 / 1 d33 T3 C ˇ33 D3 :
To simplify the analysis, the second term can be
ignored, meanwhile, the tensile strain and tensile stress
T
; therefore,
are related as Young modulus Ep D
S
the formulas can be rewritten as follows:
E3 D ."33 / 1 d33 Ep S:

Fig. 6 Relationship between output voltage and the force
applied to the KNN nanocomposite device.

Here, S is the the strain, which is a result of double
integral, and "33 can be iterated by "0 K, where "0 is the
permittivity of free space and K is the relative dielectric
constant of the material. So the equation is redescribed
as follows
ZZ
E3 D

."0 K/

1

d33 Ep S.A/dA:

In the equation, S.A/ is the strain function and A is
the area. Therefore, when there is stress applied on the
KNN nanocomposite, the piezoelectricity function can
be written as Z Z Z
Vout D
Fig. 7 The movement of a figure can be detected by the KNN
nanocomposite.

and very convenient as a body motion detector. It
can be used in a wearable device which can collect
the information when the body moves. And the KNN
composite device is self-powered so there is no need to
add extra power source.

4

Discussion

This piezoelectric potential will be transferred to the
parallel electrodes and can be applied to an external
circuit. According to the experiment situation, the
piezoelectric equation is described as follows.
E3 D g33 T3 C ˇ33 D3 :
Here, E3 is the electric field generated by tapping on
the piezoelectricity lattice vertically, T3 is the tensile
stress of the lattice, D3 is the electric displacement,
T
g33 is the piezoelectric voltage constant, and ˇ33
is the the dielectric isolation rate of constant tensile
stress. Furthermore, the electro-elastic constants in the
equation have the following relationships:
ˇ33 D ."33 / 1 ;
g33 D ˇ33 d33 D ."33 /

1

d33 ;

where "33 is the dielectric constant component of
constant tensile stress and d33 is the piezoelectric
constant (tensile strain) component. Therefore, by

."0 K/

1

d33 Ep S.A/dAdl:

The direction l referred here is perpendicular to the
electrodes. It turns out that the output of the KNNLTS device depends on five different parameters, d33 ,
K; S.A/, integration of dA, and integration of dl. The
first merit of the KNN NPD-based nanogenerators for
piezoelectric applications is their high piezoelectric
constant (d33 ); in addition, the sea-urchin structure
can greatly contribute to their function as the active
material in a piezoelectric nanogenerator. When the
KNN NPDs are embedded in a PDMS matrix with
so many MW-CNTs connected, the performance will
originate from the composite structure, where some
CNTs are connected to the two electrodes. Therefore,
the CNTs can create a good electrical connection
between the KNN NPDs. Moreover, to ensure that
the MW-CNTs do not affect the dielectric property
of the entire structure, the volume percentage of
the MW-CNTs should be controlled[15] . Unlike the
performance of hierarchical PMN-PT nanowires, the
KNN nanogenerator structure does not appear effective
for generating such a large output signal. However,
the output signal not only depends on the charges
generated; it is also related to the efficiency of
transmitting charges. Although the KNN d33 value is
slightly smaller than that of PMN-PT, the device still
exhibits a much higher output signal than the PMNPT composite. In addition, we know that when a
piezoelectric material is mixed with a polymer matrix,
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the relative dielectric constant of the piezoelectric
material will be lower compared with the pure
piezoelectric material[16] . The equation indicates that
when the force used to hit the device is larger, the
output signal will be higher. However, when the force
is very large, the output will not obviously increase
because when the shape change is much larger, a large
proportion of the charges generated cannot reach the
electrodes. Therefore, to some extent, the significant
performance improvement of the KNN NPD can be
attributed to both the higher piezoelectric constant and
the grain structure.
Here, different kinds of nanogenerators are
compared. The outputs of the devices are listed in
Table 1. It can be seen from the table that the output
signals of KNN-based nanocomposite device is higher
than others. When the signals are larger, the detection
is easier and can have less environmental impact of
interference. The power of the device generated is
bigger, the self-powered system is more robust.
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